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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a synchronous motor that can 
reliably shift from start operation to synchronous operation, is reliable, and 
is compact. 

SOLUTION: A microcomputer 22 performs switching control within a range 
where a rectification current that alternately flows to the armature coil of a 
starting operation circuit 14 is inverted, and suppresses input at the 
inverted side for a non-inverted side for starting operation, turns off first to 
fourth transistors 16-19 when the speed of a permanent magnet rotor being 
detected by a photosensor 12 reaches a speed close to a synchronous 
speed for a power supply frequency being detected by a power supply 
frequency detection part 24 and turns on triac SW 1 and SW 2 for switching 
to a synchronous operation circuit 21 and for shifting to a synchronous 
operation. 
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10 2{C«fc0liiKnSl 3©®^1 3a£tfjg#gi5 

i3b*tftWrsci«:J:0»6ti&. 0RB, 04 
(c) icnitk'jtc. A3^;HcSK«ggt«c4Satt8 

2 2 B. ffl^S^O U T 3 J: 0 ftMMIfffiftmx^-Z 
mmZtUfibX, 03, 04 h7>^X# 1 8, 19?: 
ON/OFF3-tfT*-f v*>*IW»*fT5. C©<t5 

$5©@e^&s«iijajg^©*3fe©«^|fii (SisOft 

3. 04 h5>^X£ 1 8. 1 9 ©O N/O F F 

[0024] -eur, /kAesD-f 5*si^i?[Ei$i^# 

HCist,>-t-7^a3>fc' i -*2 2B01-04 1? 
>yx$ 1 6- 1 9£±TOF F bX&h, 
2SW1. SW2*ONLT@«ja^@ggl.4*>6P]»l 
30 aiKHS§2 C©it. mti^-n-YjUgtc 

B, A 3 A >IRVB 3 -f;U*SjiyiJ-r0 1 ©Hj^EPOfC 
S3fc««*Jai*i» 3 A )l 9 ftK 

Ma-/ Hsftm^cmmz hx us/t*, isiRaaig^^ 

j&JJfin*. ^ 01-04 h7>i>X*©@HfWttS/H 
-hfcKUt-r-SfcS). 01-04 f-5>i>X^ 1 6-1 
9*OFF{CLr^6 h^-YT v £SW1 , SW240 
40 Nr*«fc9tCL-C(,»S. ft. S3S«?jiEffl©A^*WJL 
ft I » i K% 7* 'J » ^@S§ 2 0 tc ct 0 **©«&te£|S! i 5 

fs»^ftir#^ 5 0%©fii$riBiwai5Cc^tff 4 
*ft*"T4AE». SIE«aE*iaiTISI*8»K«:»tftfc*g 
^{CBS»iaLTfl43!|ti^ i 5iI-rcifCftS 0 C<D<k>> 

ft. 7*^*B*±r4fc«!>. sis««[il*ffliw^rc» 
4. 

[0 0 2 5 ] ttc, ®%&:~$ *lft^©^»ft<Jf(C<fc 13 
KSIOfctB^lCtt. 7^Q3>f a -^2 2«-M 
AfiSEd- 5» 5 ©SCft^lqinsteSff^J: 99r£ffi£ 

50 -c^^iiA/cf^ttagtc^f l. wsisiwaiKK^tf 



11 

« . wmmLtfi 6 o h z niMs-r * 2 mmn* - * © 

5©0$Eifc©Ltt,MB£3 5 50 r pmCC&jEU 
B©^»5a-*5©BIHft©LS(,>fi*32 00 r 

pmK»£or»»))iofflfflrr4e £«:«*»). sjtt-fc 
*-*©!8tMM&&i2&JB-c*a. 0KtiHg^6PiKiBiK 
*S l5BHaK*6ita»jll6's»tfr-5ISCDb#l»ffltt, 

[0 02 6] *fc. *|g|fcWfcS*2#^JIH*--*ta\ 

2 2 fc«|P3nrm>ti*fc», SMJM&&#5 0 
Hz. 6 0 Hz. 1 0 0Hz9(c£ffcL?&M4>L>flM 

ct*r**©r. *»rtaffli4©*(r>Biii*-*«rii 
[0 02 7 ]**:, iia«aietc*ji>rA3-/;Kc«E«c 

sfl&©flUtEKot»rttis-rs. *a»5o-*5©ihHe 

3 <*l©tttH#®) ©ftfeit. H5ic5Vr,fc5K:. A3 

'J y h 2 5 a , 2 5b imj&t tiftis 2 5 Scttt 
•fe>?-2 6a. 26b (»3©fcHi#S) «iitr«r» 
rfeAl>. 9 h 2 5 at2A=i4Jt'©aS£ft|«ft£ 
■f£*>©£b. &b>?-2 6aKJ:0ttttt&K<Cf&t; 
fcffi^fs^tti^T XUj h2 5 bttA 3 YA©a 

[0 02 8] C®3E;t>f-2 6a, 26b©$fctifi-Sf 

tet*TA n -r^oc^nsnisK^^ i 8 o * mcMMt 

S«Bfcfcl,»"C. 83. 184 h 18. 19* 

ON/OF FU C©£*A=i-OI/K:tt, 0M.«EI4 
(d) fc^Tlgft*«a««ttS. 04 (d) 

fc s 7k\fiS5ci-$5©iHHg^rioj^L.r i 8 0* ©*» 

^fT^3 0 " «WA a 4 ^{cS(E«JKfctaEn«:i» J: 9 (c 
«WStlT(r>&. C©*§£, Aa-fiHC*M-4a*»lll 
RtffflHISB£-k>t>-fg2 5(Cct«3«5iLrt,^©-C. 

a. n> 2 5«cA3^;i/tcw-rsa«#i&i*ji 

'J » h 2 5 aO*«?ft, 8* 'J ? h 2 5 
a£$l±ITS:7fc*r>^-2 6 a©#£(IAr, am©B 
M3Sift*iSfo&» 1 8 0 ' SEnWcteOt^ODa 
> f a - * 2 2 jW^WCc J: 0 x 4 * > VffiffltZ J; 

.[0 0 2 9 ]±ia2«|^»*-**fflt*htf. v-f*a 



to 
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»2 0*g-c«»F-3-r;U9«:flEn*SHfc«aE©a«# 

isis^'anea^x ? ^^^jiplt^swcwl 

rK(Elll©A#*Jl|l*.-Cj@*i«KU *-tz>«M 2K<fc 
0 tfctHS ftfc*AJttEn- * 5 ©Sfc&ttf «W9»»t* 
a»2 5k:«to«ia3ns«ilBfli!gR{c»Lri3l«l@ls 

«ffittKfijaOfc£*«:. ^-fT'^SWl, SW2 
*ONbT|S)SiaK[5ISg2 1^9&AT[lM$KCCi|£ 

tff sji^iwffli-rs©^. jianxiE^&snae^©^ 

io tf*«^oxA-Xicff^S„ *fc. ^aislsiK l 

■cBiMafipiffiftHJW*-* *&. 
©± 5 fed 5 » -f— **77^fc£©tM«fc&*4n« 

-p*. ^^?^>y#a©«teE<>(mMtc**©-c, * 

fc. 7^n3>^-^22», RSI*-*#«aH/ 

20 smwafg^-ff r ■& ct *> m o a owns**? 5 c £ k j: 
sMfffStt. $jttt©m>Biw*-**««'r*c 

A^sp - * 5 ©@r*i^ £^[Sjcc igar 7 

8b*JRWe>tiT**D, K£3T8a©jS9B*»KMH!l 
«riMECC*jW4*Xa85o - * 5 ©HIBfaS*»8l L T 

@^r&)t4 ; &S^b-rsc£^Djtfe-c*s 0 */c. XT- 

-$378B213XD7 hS©^-^(C*Jl^T^P 

h fcm^3 4 ju 9 iHMfrrifli^Kifc^T^Si >; r 
30 *iA<sieoTi»$*i«*6n^©-e. ^^3^;i/ 

9©«R41f4>br % *-*©a^»*4K*4ci*» 

[0030] Sfc, 2SPHB*-f«:|IB5£$ti43&J. 0 
6(a) &C^T<J:5fC, 7)cA»50-f 5«. HWJ«4 
©-^n-^3-^5 aKiaKUrijf), o-^3- 
^5 a«ca-*3-*£WS|5#3 8*JaRU-Cl»S. S 
fc, Xf-f 10«, Xf- $378*iX?-*H3taiJ 
W3 9{cB3es*iT*»»). K^f"-*Hje»W3 9l*T 
^ r >^>^3K;«toiA*nTl^o 7K^ii5D"^5 
40 tt, ±7^^ t ; > /y 2 ( C ^P,nfc^7';>^liS:6/Srj 
a - * 3 - f*»lttt 3 8 £T^ ■> y > ^ 3 £©Pfl(Cg: 

06 (b)fc^fJ:^4C, ^f-$378(Cgf3ti. 
7^fiS5n - 5? 5 ©Sgif ^iSSE-T S*|nI*c«rV5* 
Si 1 aRyltSl 1 aOS»i:7 7>^l 1 b£W 
f5*'t'>l He. A3^C;t,SrjfBn^7U*sig^^-c# 
|H]3n-CI,^-5o .tot, Xf- ^37 8Cctt)^#4A5jf 

arsfcfeouiitftSBi^cfti^-c. tsi yr* 

50 C£*1T#4. 
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[0 03 1] $^Wt{fc£|sJ»3*-2tt:. 2®^*- 
£ tm 7 &t>-0 8 CCinir i^K4 Slalffl*" * 

i|S|-gW(C«[Hl-#^#bT^*gfflT-2. *>©£ 
■f£„ !7&Cfcl>T, ^!15P-3?2 7«n-^3- 
? 2 7 a©F«?giCim S@^S(c 9 0 0 -f->&§t4 
»t#©3 tlfc V > ^©v*'* * h 2 7 b tm&2 tl 

[0 03 2] 08(CiJt,>r. 4l®|3)ill3*-£©X 

f-^372 8li+¥ttOi37 (SJl^T) 2 8a© 
#4i«7TeMS&5n- * 2 7 ©HK^ifiii aWfatcgW 

«*tr>2 9£-ft(cKi*i££*1 t ig#t'>2 9©JHB 
iCBi37 2 8 a©— £©g#;£|Sj&CS|^3-f'JU9# :i 
A3^;uiBa-f;u*4**»jS«:i5e4J:5KHJ*li4* 

tiros. 

[0 03 3] H9tc^-rj:5«:. @«PIR3 0«: 
7 h 2 7 b ©««aa«:jCD-cat*SP3 0 a 
£B#-r*a)fe«S3 0 b i*$9 0' -foSESfcJBfiJSti 
1I$kR&3 0B, ^SBO-$ 2 7 i-fcK 

at D ttv h tir o , c ti h \t wm 4 £ **wc -ft t 

^8^0--*5©l3lK»RW»fie«*ttHi-r*. 4® 
Htt*-*tt. *^»Eo-*53i*9 0' HlK-rSSfc 

®5a-2 2 7#9 0° rarKr**Hc^-f 9 ^>jfH8p 
[0 0 34] 47c, ±»Lfc2ttRIW J fc-*;aC) t 4fiiPJ 

*orfe^t». M^ttsep^-^^o^-rii i o 

(a) (b) ^#JBLT»M-r4. 010 (a) 

WEa-zvmmmm* 010 <b> Brxxiisp 

- £ 9 fl- L fcx f - ^©-SPirffi^igr* So 
[0035]B910'(b) tcfc^T. 3 1,32 «HJ£ 

^aune^* irst s * r - * 3 - z v to *) *> v> > 

*3 4#@<PJffiKrtiasnTl»S. ttJ;&tt3 3ttX^ 
-^3-^3 1, 32{C*$l>T. HtkU^C^T 
*i«cc «fc rj @f£ njf &{c 3m 3 tir «,» 6 . 
[0 03 6] *fc. 010 (a) (Cfc^-C. ik&SfcBD 

-*34tt. miM3 3icmti>j2>ttitc-?#*v mis. 

WW 3 5 a©^IH4CN®Sy ; S©^tiCJ4 5' fofi 

3ti/c«;>y«©^y^ 7 h3 5 b*ifia#3*i-ci»*. 

2 tl 6mm t ©JKIfctc J: 0 Utfjfl 3 3 «:4*4>tClBaUa<E 



(8) #^2 0 0 0- 1 66 2 8 7 
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Xf-i(3-^3 1, 3 2rt(C*t->3 6#fl&*i£ 
Sti-CfcO. i#h'>3 6KBA3-{ WBa-f;K0 
2o©3^*t^>hK»S(3 tifc«WP =» 4 * 3 7 

[0 0 3 7 ] tit. 01 0 (b) (CT^Tcfc^^. Xr- 
*3-*3 1, 3 2CDIWKB, JB^K 8 JW5rK£ 
3731a, 3 2a^$6^{C^S«:ffT , 3lfttf^3tl 
C©£373 1a, 3 2 aiC{3ykAiflSEP-* 
10 34©H(E*rSl4aariflI{cgffir'5»J«)373 1 b. 3 
2 brt*&*Jf&KStir*J»K jBttlftefctf* h^*©?E 
^*)BifiLri»a. S7c. 32fi 

«ci**a»5p--* 3 4©@K»scfl«flwa[«**kfli-r 
*m©i*ffl*a&i,T3fc-fe:/-!t (0^thr> tfims 

tlT(,>6, jfc-fe ymmilU 3 3 K— flrtCROfrt* 6 tl 
fcBKRffi (Hmtir-f) KJ:«3*^»5n-*3 4©ia 

7©9feA=i-f;Kciifcti&»ijfe«i*©i*iit-?» 

20 [0 03 8] Jfc, *^fi85a - * 5 ©Hlg^ROTSfS 

&g^«iffi-ri)^i©^t±i^©ffiWc^^-c, hi i 

L/T*5 0 . A3-/ ^^©a*77f6lSC;ji«®H 
***«Sl"r4fcJ& 4 Ji^g|5{Cig^|54 0 a £ X 'J 7 h 
4 0b t*mmffl£3i®lft%<lL-C$£.lCBf&2ft-C^ 
h» ■fe>-^-©4 0tt^-fe>l7--l 2-©fftfflffiB{C*$l> 

r n ^figxfi s @{igcc*fj[£; l r ±f -5 . 

[0 0 3 9] -fe>!tHR40©*!/5> MObtt, 2S 
©»^*Xf»Ea-*5*tl 8 0* ^LT*f^3tlT 
30 t>4©-C. 1 8 0* **HS»SI (HI lt?ttl 3^W) 
■T5C£j;«3, ?1c-fe>1t- 1 2©eifflfig{C*jt,^r^f 
X 7 h 4 0 b tWt%A 0 a i*WffiiEie-r* J:5(C 

#± ^ s©*\ s m$WW± ur t> 4©jJ»*i©l«: 
*0r€T?#*«fc5«:ft^Tir>s (Hi i#fls) . 4 

#fig§tirt^©r\ 90° (Hi 2t?tti 

3^*J) TSC£J;D, 1 2©*iai{ig(c*j 

t^tMX y 9 h 4 0 b iS^SP4 0 a i#SStCEB 

40 l-s«fc5fcjKRE$tirir>s. x-oX, 5 

N g»J-C#± L r l » 5 S ffifflKTf? ± L "C I > 5 © 
**Sig|k:«si-c*SJ:5«:fto-ct>S (01 2# 

m) o 

[0 040] *Hr>-9-- 1 2K, Wx.«0 1 1 «C*jC» 

r. NS©f4gr#±Lr^-Si«^ (42>tf-ON) tc 

B. *^fiS50 - f 5 ©@|g^[S)3!)«*|^ £ t£i> X *> 
(C v vW^pn>f^-^2 2BA3'(';HC01©.^Eri 
aKSrrtflnlKSttWfcfciBO-C. ®!K)[5Iiig3#€. 0 4 
/c. SS©fig-C^±LTl^iS^ (-fe>1t-OFF) 
50 tc». *X®Ea-*5©@jE*|nl*««*rfll£!6c4J:^ 
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(C, v^Oayfi-JZ 2BA3-OUt[gi©XEP 

fc, A3^;U's©a*^nSi©Wfti». -fe>1f-t£4 0 
©X'j 7 b4 0 b£#-fe>1/-- 1 2 tc<fc «9 hkT 
tfbh. 5<DiI(6fta*iO* -180° 

•CttSl. 92h7>^jil6, 1 7©<fc£|SJB#icO 
N?t, L 8 0* -3 6 0* -CBJH3. 314 
Z 1 8, 1 9(D^?:|i]B*(CON$'&rW}|sx.»-r-2>„ 

A a -f^'NOfflWBHtt. 
IKte^t, N «'JXB S «fflte*f JfrT £ H2 >tf 4 

o©-»©xy » H40 bofttttrx-fe^iN-i 2cci 

J:^H3, H4 1 8, 19£ON/OFF 

sti-raflwwwiw-rs. c©.*5(c. #-©-fe>«MR 

4 0 t#-fe>1f- 1 2 ©ffl^fc-ST, 7k^«5n-^ 
5©BK». HteftS. A3^f;K©I^ 

10 04 1 ] ±ffi-fe>1f-«4 0«. 2S. 4®fH]Rg^& 
- * ©i§£&COl, >Tt&Hfl L tcfiK ZVvht mUtStt ifi 

= (36 0- /mm /^(ctoiftifsnT^hB, 

6«eUi©*-5r«:»0-C*>afflnIl!B-C*S. sts 
-Ot< 9 Ki&ft&£ftffi£«ffi'H-*- SSR?fBBflB©jI 

IK£3ft£fc©rittc<» mi^l«3WcRi7 

[0042] *iaa«:«ftig»!*-3ftt, 

fW»'f£W{'n:3>t: , *-£2 2*-# , C$|{ttl/?<,> 
ISS©SK*ft«:rti8bfeSiJ«BJIll8©-a5 (&Ma. 
* ZWMfflWT 4 * ^ ^'© l > 1" ft r * o r t> m > . 4 

tlTHSRiiffi*-* ©«fc5(C. }lflHB#©£££ffitiE 

-^'^ * A5£©iHMfciHX -f ? C 4 

k-C££. S-fc. «ft?=i-f/l/9i*. Aa^WBa 

^jucc-»fiju/cfe©(ci5g6T. ^Ba*sft$**ita-rti 
ori^ffl-c^ < ©aae*ft uis. 

[0 04 3 ] 
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jncjffifcstn &fiftttft©&tt^R°?9«ttiH&>i 

-C » **iJBLTjtB««<£t, l 0 1 ©tfcBJ^&ltJ; K) 
fcffi •* ft fc*4J8E a - f ©0IE»*J» 2 ©&ffl#©tc 
<fc 0 $ffl J ft* ft^&fttcft 0 rH WBKftffifitcSI 

mz-cmmmmffirTzzsmtz®?, mm 

zzmmvzz. tit. ae*©«fc5K=i5a--f-if^ 
-*©/hSftt«-c#. i!JS3^ht>ffiar*4. * 

(c<tD. mmmn. 3S3ett©m»H«*-*t!i«"r 

&©X-/?3 L >^!S£OFFO-rfr6 > ai^?j^x.x 
iSftaKHB©^ a - h *W± L TPIJWateK^Tl- 4 

a-*©@i5Wi^i^r^{cear&fflW-3T*'» , t6 
nrfco, ±3T©asa$««8!i3rj:»)3t#<3tt5«fc 

* ©bk5e^*<bj8 urH«#flitt*a«f fc-r* 

30 ft. 77cXil5a-^©lHlS^ii:^T5^|6]«:#0'S 
^"KS^^©WiasiC7 SsKtfXC, A 
3 ^ ASCI* B 3 ^ L/ r ^0 3 ft-c i> 

». X-r-^3T5:}f3i-r-5a3*l4(Cj;S^|S:^^^ 

-*©ffl*3!»*Sa{>SCt**T#*. *fc. imjw*- 

>tvii <,cmm s nr?f tjft s fc* , 5 

0Hz, 6 0Hz, 100Hzf(C^ftlty|M^ 
JET 4 C 4 ft < |^-©PI)fJ!*- f ^fflt^S C 

40 4*5-t*i>©t-. s«>TifUBtt©m>isnt8*-f *«Hft 

mi] 2m%m*-z<Dm)Mtm9&x.vmwiMnM 

[02 ] 2mmm*~5<D^is>mimffi2titcfk 
xm^n - *©^fM0RE>* 2mmm*~z <D±&mv$, 

[033 2mmm*--$jEMwmwm. t^vyvo 

50 [04] Sflgjfcjftl*. S%%0. «^MW8P(cJ:«« 
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sss&fi <t ©w&£^-f v it* 

[05] lIISftS$IJWCfcW^,76-fe>-y-<»:-fe>1t^(7)^ 
[0 6 ] 2 ffi[5JW^- *jE(ffiia«Wia&tf * 

[07] 4ffi|a|^-^©-g|5JK»r^|g^^7 )o 

me) 4mm®*-t«Dmiwi!mmx'$>z>. io 
[aio] 8 sig^- * <07%^.ms n-z ©iswaia 

[011] teWcfrfr 3 2^11*- *«©**>■?£ 
■b>-WR©«Wi<:*-rtti3l!iar*S. 
[012] <6WCC**>*4SR« j e-* ffl©^H2>iti 

[013] ^©2ttl^*-*©*JfcK**iaBH-C 20 

[014] ^*©2@|Bl^*-5f(D|2ftaf5l5|Sg(CfIx. 

[flHf©HfPi] 
l 

2 ±/^5»y 

3 T<"tfJ»f 
3 a iB^fflft 

4, 3 3 wm 

5, 2 7, 3 4 M«5n-* 30 
5a, 2 7a P-*3-? * 
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<5b, 27b, 35b b 
6, 7 ^7y>^*» 

8, 28 Zf-Z^T 

8a. 28a, 31a. 32a £37 
8b. 28b, 31b. 32b *f«JPT 

9, 3 7 S^a-T;!/ 
10 *r~* 

1 1. 2 9, 3 6 *t> 

12. 2 6a. 26b #-tz>+>- 
1 2 a 

13. 30 mmw. 

13 a, 3 0a, 4 0a 
13b. 30b jg^gp 

14 $mmam 

1 5 £%«K 

16 01 

17 S2F7>yx$ 

18 93b*^t?Ztt 

1 9 04 17>^X$ 

2 0 Sek^Uv^BK 
2 1 ISIXBiHEIIf& 

22 7^03>b"»--^ 
2 3 

2 4 WB^fttttfcfHas 

2 5. 4 0 -fe>tMg 

25a. 25b. 40b X ') v b 

3 1.32 Xf-£3-^ 
35 a vy*?rhHJia$tf 
3 8 n-*3-**tt8BW 
3 9 Xf- *@J£8I$1* 
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